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This invention relates to new azo compounds urated hydrocarbon except ïor guanyl salt grouPs 
and more particularly to new water-soluble azo on the two carbons attached fo said azo group 
compounds which contain guanyl groups, which carbons are tertiary. Particularly pre- 
In U. S. 2,4ïl,959 it bas been shown that cet- ïerred are the inorganic acid salts oï bis(dialkyl- 
tai1 organic azo compounds which bave an acy- 5 " guanyl)azoalkanes in which .the alkyl radicals 
clic azo group bonded ïrom its nitrogens to ali- are lower alkyls, particularly of ïrom 1 to 4 car- 
phatic carbons oï a particular character are use- bons. 
ul as polymerization initiators, or catalysts, ïor In general, these compounds may be prepared 
polymerizable ethylenic compoundi, ihese cata- by the treatment of an azonitrile in an anhydrous 
lysts bave several advantages over the more con- 10 system with an alcohol, hydrogen halide and a 
ventional type which bave directly linked oxy- hydrogen-bearing amine oï the ïormula HNR2 
gen atoms, such as benzoyl and other peroxides, where R is hydrogen or an organic radical, pref- 
The latter type polymerization initiaors provide erably a hydrocarbon radical of 1 to 6 carbons. 
a source of.oxygen which may change the prop- The following examples in which parts are by 
erties of the polymer obtained by discoloration, 15 weight are illustrative of the invention. 
oxidation of. any added modifiers and insolubili- EXA1VIPLE I 
zation. The azo compounds disc]osed in U. S. 
2,471,959 do hot bave these defects and repre- A slurry consisting of 82 parts of alpha,alpha'- 
sent a considerable advance in polymerization, azodiisobutyronitrile and 400 parts of absolute 
ttowever, the compounds disclosed are generally 20 methanol was cooled to 5-10 ° C. and was satu- 
water-insoluble, and accordingly hOt convenient rated with anhydrous hydrogen chloride. The 
fo employ in the direct preparation of polymer resulting mixture was kept ai 5 ° C. for 68 hours. 
dispersions by the polymerization of polymeriz- After collecting the solid material on a filter, if 
able ethylenically unsaturated compounds in was washed with cold absolute methanol and 
water systems af relatively low temperatures. 25 coliected once more on a filter. The resulting 
It bas beenproposed (see U. S. Patent 2,520,338, crude so!id amounted to 70 parts. This solid was 
issued August 29, 1950 on application Serial No. stirred with 40 parts of absolute methanol while 
757,682, filed. June 27, 1947) that carboxylic - adding a solution consisting of 40 parts of anhy- 
groups be introduced in one of the hydrocarbon drous ammonia in 270 parts of absolute meth- 
chains of the azonitriles but at some distance 30 anol. This mixture was stirred for six hours and 
from the azo and nitrile groups. The alkaii metal allowed to stand for 16 hours. A small amount 
salts of such carboxylic azonitriles possess lira- of solid believed to be 1VI-I«C1 was collected on a 
ited solubility in aqueous systems which are heu- filter and discarded. The filtrate was evaporated 
tral to basic. These compounds are hOt soluble to dryness at room temperature and the result- 
in aqueous acidic solutions. The latter are pref- 35 ing solid was shaken with 150 parts of water. 
erable for many reactions, particularly for poly- The insoluble portion was removed by filtration 
merizations of olefinic hydrocarbons and certain and the filtrate evaporated to dryness. The dry 
acrylic compounds, to obtain suPerior properties hydrochloride of 2,2'-.diguanyl-2,2'-azopropane 
in the resulting polymer, amounted to 18.5 parts (13.6%) ànd the melting 
This invention hasas an objCt thepreparation 40 point (with decomposition) was 165-170 ° C. 
of new compounds. A further object.is the prep- Analysis 
aration of useful catalysts, particularly for poly- 
merization. Other objects will appear herein- Calculated for C8I-I20N6C12: N, 30.9%; CI, 26.1%. 
after. Found: N, 30.42%; CI, 26.05%. 
These objects are accomplished by the follow- 45 
ing invention of organic azo compounds wherein EXAMPLE II 
 the azo, --N-----N--, group is acyclic and bonded To 160 parts of anhydrous ethanol was added 
from both of the nitrogens fo discrete carbons 33 parts of alpha,alpha'-azodiisobutyronitrile. 
which are aliphatic, a least one and generally The slurry was cooled fo 5-10 ° C. and 10ï parts of 
both of the discrete carbons being tertiary and 50 anhydrous hydrogen chloride was added. The 
having as one of the groups attached fo tertiary, resulting mixture was allowed fo warm up fo 
carbon, an inorgnic acid salt of  guanyl radical. 25 ° C. at which temperature a complete solution 
A preferred group is that of organic azo coin- was obtained. This solution was cooled to 5 ° C. 
pounds the azo .group, --N=N--, Of which is and kept at that temperature for 24 hours. The 
acyclic and joined to two aliphatic radicals, sat- 55. solid which formed was collected on a i21ter, 
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washed with absolute ethanol and collected on 
a filter once more. The resulting crude so]id 
amounted to 86 parts. A slun'y of the washed 
solid and 40 parts of absolute ethanol was cooled 
te I0 ° C. and a solution of 20 parts of anhydrous 
ammonia in 106 parts of absolute ethanol was 
added. The mixture was stirred for two hours 
and allowed te stand for 16 hours. The solid was 
collected on a filter and dried und_er vacuum. 
The dried hydrochloride of 2,2'-digunyl-2,2'- 10 
azopropane amounted te 51.2 parts (94.2%) and 
the melting point (with decomposition) was 
175 ° C. 
EXANIPLE III 
A solution of 38.4 parts of alpha,alpha'-azobis- 
(alphamethylbutyronitrile) and 160 parts of ab- 
solute ethanol was cooled te 5-10 ° C. and was 
saturated with 107 parts of an_hydrous hydrogen 
chloride. The solution was allowed te warm up 20 
te 20 ° C and then cooled te 5 ° C. The tem- 
lerature was kept at 5 ° C. for eleven days. The 
mi, xtu-e was ceoled in. a Dry Ice-acetone bath and 
the.restfitLng solid was collected on a titrer. After 
washing with alcohol, the crude dry solid 25 
amounted te 23 parts. A slurry of the washed 
solid and 40 parts of absolute ethanol was cooled 
tot0 ° C. and- a solution of 20 parts of anhydrous 
ammonia in 1.06 parts of- absolute ethanol was 
added. The mixture was stirred at 25 C. for 30 
four hem's. The resulting solid was collected on 
a filter af-ter cooling the mixture. The filtrate 
ws. mixed with an equal volume of anhydrous 
éther and the precipitated solid collected on a 
filter. he dried hydrochloride of 2,2'-diguanyl- 35 
2,2'-azobutane amountedto 5.5 parts (9.2%) and  
melt.ed (with. decomposition) at 171 ° C. 
AnaIysis 
Calcuated..for C10H2N6C12: N-, 28.1%; C1, 23.7%. 40« 
Fond: N,. 27.95% ; CI, 22.80 %. 
F_IV/LE IV 
A m-ixtu.- of 3 parts of alpha,alpha'-azodii- 
sóbu,tyron.-i-r!le and 160 pçts of absolute ethanol 
was-cgoled,to 5-10 ° C. and 104-parts of anhydrous 
bydrogenl chl0ride was  added. The resulting 
mixture, was a!lowed te warm up te 25 ° C. at 
Whieh- temperature, a. comDlete solution was ob- 
taned T-hs-solution was cooled te 5 ° C. nd 
kepç ai- this temperature for three, days. The 0. 
solid, w-hich formed- was collected on a filter and 
washd w, ith- absolue alcohol. The resulting 
er-ude solid 8mounted te 84 parts. A slurry of 
the washed-solid and 40 parts- of absolute ethanol 
was cooled.to-10 ° C. and a solution of47 parts of 
aniline in 106, parts of, absolute ethanol-was 
added., Irnis.mixture was stirred for three hours 
at, 25?, C after-- which rime. i.t was cooled- and- the 
resulting solid collected, on a filter. The crude 
solid was washed with cold ethanol and dried. 60 
The dried 2,2'-bis(N-phenylguanyl)-2,2'-azopro- 
pane dihydrochloride-amounted te 38 parts 
(45 %) and melted (with decomposition) at 
141 ° C. 
Aalyzis 65 
C!ç«. a.tçd for. C20HN6Ch :. N; 19.8 %; CI,. 16.75 %. 
Found: N 1867%; C1, 17.93%. 
EXAIViPLE V 
A.m..çr.e= of . 33 Partis: of Ipha,alpha'.-azodii- 
sob/yrQliçr-ie:andIÇ01pa,tsof absolute, methanol 
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which temperature a solid began te precipltate 
from the clear solution. The mixture was kept 
at 20 ° C. for one-half heur and then cooled te 
5 ° C. for one heur. The solid was collected on 
a filter, washed, with absolute methanol, and 
dried in a desiccator for 12 hours. The resulting 
solid amounted te 48 parts. A slurrY of the dried 
solid and 40 parts of absolute methanol was 
cooled te 5 ° C. and a solution consisting of 36.5 
parts of diethylamine in 80 parts of absolute 
methanol was added. The mixture was kept at 
5 ° C. for 24 hours after which rime it was cooled 
te --70 » C. and the resulting solid collected on a 
filter. This was identified as diethylamine hy- 
drochloride. The filtrate was evaporated te dry- 
ness and the residue washed with acetone and 
dried. The material was 2,2'-bis(N,N-diethyl- 
guanyl) - 2,2' - azopropane dihydrochloride and 
amounted te 6.3 parts. The compound melted 
(with decomposition) aç 157 ° C. and initiated 
the polymerization of acrylonitrile in. wster at 
60 ° C. 
ELE Vl 
Te 400. parts of abselute ethanol was added 
82 parts of- alpha, alpha'-azodiisobutyronitrile. 
The mixtuze was cooled- te 5 C. and saturated 
with an_hydroushydvogen chloride. The mixture 
was kept at 5 ° C. for two days after which rime 
the solid, which formed was collected on a filter, 
washed wlth absolute ethanol; and- weighed. The 
crude solid amounted te 198 parts. A slurrY, 
consisting of 74- parts of the solid and 40 parts, oï 
absölute ethanol, was cooled te 5? C. and allov¢ed 
te react with a solution of: 2.2 parts, of ethanol- 
amine in 104.parts of absolute ethanol. The mix- 
ture was stirred for one heur after which rime 
the solid.was collected on a filter. This wasiden- 
tified as ethanolamine hydrochloride. The fll- 
rate- was mixed with an equaL volume of ether 
and. the resulting solid: collected on. a filter. 
was dissolved in I60. parts- of absolute methanol 
followed by. the. addition, of 35 pars of ether. 
The. mixture, was-cooled te --7.0? C and the solid 
whichformedwas collected on a filter.. The dried 
2,2'-bis(N - hydroxyethylguanyl)- 2,2! - azopro- 
pane. dihy.dr0chloride amounted te. 1.7. parts and 
melted- (.wih decomposition) ab 165 ° C. It:ini- 
tiated the polymerization of acrylonitrile in.water 
ai 60  C.' 
The presen invention, is generic-te azo com- 
poundsvhich contain a guanyl radical atached 
te a tertiar carbon which carbon is. fuzther at- 
tached te.an acyclïc azogrouD A desirable class 
of- these azo- cómpounds- is. that.of the symmet- 
55 rïcal azo. c0mPounds saturated aliphatic hydro- 
carbon, except for. the azo group and. the two 
guanyl salt groups since these-compounds are 
in general more readily prepared withouç com- 
plications.in the reaction. A preferred:clàsshas 
the formul£ 
H-N R R NH 
x. c--=--c  .x 
, ' ,, \ 
R' NR"- 
wherein 2: and-. 2 ,« =normal, i, e.,. straight chain, 
alkyl, radicals of 1 te. 4. carhons, e. g,, methy!, 
ethyl n-butyl and. R' =H, or a-. monovalent, or- 
ganic, radical« of.- 1- to .6 carbons e, g., methyt, 
70 buty:l, .hexyl, phenyl,.w.hile  represents an in- 
organic acid andsuitably, a hydrogen.halide. In 
a still, ruera prerred, emhodiment, these, com- 

was cogled te 5? C, and. 137 parts.of an_hdrous pounds:are, stuzated acyclic, aliphatic h:drocar- 
hydrogen= chioride, was« added, Thg. resulti.ng bon, exceptïor tIe nr.ogen_atoms. (hoth azo. and 
mïxture was allowed t0 warm up te 20 ° c. at ? guanyl) and acids. 
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The invention is thus inclusive of the hydro- 
chlorides and hydrobromides of 2,2"-bis(N,N-di- 
methylguanyl) -2,2'-azobutane, 3,3' - bis(N,N-di- 
n-butylguanyl)-3,3'-azopentane, and 5,5'-digua- 
nyl-5,5"-azononane. 
Ordinarily the hydrochloride and hydrobro- 
roide, i. e., the hydrides of halogens of atomic 
number between 17 and 35 are prepared. From 
these other salts, e. g., the sulfate, nitrate, fluo- 
ride, perchlorate may be prepared by double de- 
composition or from the free base but these pro- 
cedures introduce diiïicultiei, complications and 
expense wherefore the hydrobromides and par- 
ticularly the hydrochlorides are preferred. 
These compounds can be prepared by the fol- 
lowing steps: («) treatment of the azonitrile, 
e. g., alpha,alpha'-azodilsobutyronitrile, in an 
alkanol medium with a hydrogen halide under 
anhydrous conditions, (b) separation of the salt 
thus obtained, and (e) treatment with a hydro- 
gen-bearing amine, including ammonia, aniline, 
diphenylamine, diethylamine, in an alkanol me- 
dium. Thi above reactions are carried out under 
anhydrous conditions and at temperatures of 
generally in the range of --10 to 30 ° C. 
The azonitriles from which the guanyl salts 
are prepared can be obtained by the procedure of 
Thiele and Heuser, Ann. 290, 1-43 (1896), Dox, 
J. Ara. Chem. Soc. 47, 1471 (1925) and Alderson 
& Robertson U. S. 2,469,358. 
The guanyl salts are of particular utility as 
catalysts, or initiators, for chain reactions, e. g., 
chlorination and chlorosulfonation of hydro- 
carbons, and particularly as polymerization cata- 
lysts in the addition polymerization, including 
copolymerization, of polymerizable compounds 
containing ethylene double bonds. Numerous 
compounds of this type are known in the art and 
include monoolefins such as ethylene, diolefins 
such as butadiene, vinyl esters such as vinyl fluo- 
ride and vinyl acetate, vinylidene halides such 
as vinylidene chloride, acrylyl and methacrylyl 
compounds such as acrylonitrile and methyl 
methacrylate, polyfluoroethylenes such as tetra- 
fluoroethylene. 
The water-soluble character of the acid salts 
of the guanyl compounds of this invention per- 
toits them to be used with particular advantage 
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in water systems. A particularly important ad- 
vantage is that they may be used in aqueous sys- 
tems which are neutral or acidic. The tempera- 
tures at which these compounds initiate these 
$ reactions are usually 25-125 ° C. An outstanding 
advantage of these compounds is that they can 
be used in the preparation of dispersions of poly- 
merized ethylene which bave higher molecular 
weight and more uniform and advantageous par- 
10 ticle size than heretefore obtainable with other 
catalysts. They may also be used as catalysts in 
the chlorination of benzene in aqueous media. 
The foregoing detailid description bas been 
given for clearness of understanding only and no 
15 unnecessary limitations are to be understood 
therefrom. The invention is not limited to the 
exact details shown and described for obvious 
modifications will occur to those skilled in the 
art. 
0 What is claimed is: 
1. 2,2'-diguanyl-2,2'-azopropane dihydrochlo- 
ride. 
2. An azo compound of the formula 
wherein HX is an inorganic acid, 1 and 1' are 
straight chain alkyl radicals of one to four car- 
$0 bons, and 1'" is selected from the class consisting 
of hydrogen and monovalent saturated aliphatic 
hydrocarbon radicals of one to six carbons. 
3. An azo compound according fo claim 1 
wherein the acids are hydrogen halides and the 
$ molecule, apart from the .azo nitrogens and the 
acids, is saturated aliphatic hydrocarbon. 
ROBEI,T W. UPSON. 
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